Viroid-specific polymerase activity was detected in preparations rich in nuclei from Gynura aurantiaca infected with citrus exocortis viroid (CEV). The polymerase catalysed the synthesis of several RNAs, shown to be viroid-specific since they could not be observed in control experiments with healthy plants, and they contained CEVspecific sequences most of which were of the same polarity as the viroid RNA. The synthesis of the CEV-specific RNA species was greatly reduced in the presence of 1 tXM-~-amanitin, suggesting the involvement of RNA polymerase II in this process. The structure of the viroid-specific RNA species was studied by chromatography on non-ionic cellulose, digestion with RNase under low and high ionic strength conditions, and analysis by polyacrylamide gel electrophoresis in non-denaturing and denaturing systems. The results showed that these RNAs synthesized in vitro contain unit and longer than unit length linear viroid strands forming multistranded complexes with single-and double-stranded regions. The RNAs therefore have the same structural properties as deduced for RNAs isolated from viroid-infected tissues which are the presumed replicative intermediates of the rolling circle mechanism proposed for viroid synthesis. A soluble fraction containing the polymerase-template complex responsible for the synthesis of the CEV-specific RNAs was isolated by treatment of the nuclei-rich preparation with heparin and DNase. This soluble fraction could be of interest in further studies to characterize the components of the polymerase-template complex involved in CEV replication.
INTRODUCTION
Studies on the mechanisms of viroid replication include investigations of the nature of the nucleic acid template and of the enzymes involved in this process. Grill & Semancik (1978) described the existence of RNA strands (minus strands) complementary to the infectious viroid RNA (plus strand), in nucleic acid preparations of Gynura aurantiaca infected with citrus exocortis viroid (CEV). These results have been extended to other viroids, and analysis of nucleic acids extracted from tissue infected with different viroids indicates the presence of viroid-specific RNA strands of both polarities apparently associated in multistranded complexes which are considered to be the replicative intermediates of the rolling circle mechanism proposed for viroid synthesis (Branch et al., 1981 ; Owens & Diener, 1982; Bruening et al., 1982; Branch & Robertson, 1984; Ishikawa et al., 1984; Hutchins et al., 1985) .
Three types of enzymic activities have been implicated in viroid synthesis: RNA polymerase copying RNA templates, processing enzymes and ligases (Robertson & Branch, 1987) . From experiments in vivo (M/ihlbach & S/inger, 1979) and in vitro (Rackwitz et al., 1981; Flores & Semancik, 1982) , it is generally accepted that viroid synthesis is sensitive to low levels of ~-amanitin which also inhibit DNA-dependent RNA polymerase II, suggesting that an enzyme of this class acting on an RNA template plays a role in viroid replication. In addition to RNA
METHODS

Preparation of the fraction rich in nuclei.
The procedure of Flores & Semancik (1982) was used with some modifications. The CaCI2 concentration in the isolation medium was 10 mM and that of Triton X-100 was 0.2~ (v/v) . The final nuclei-rich pellet (corresponding to 5 g of G. aurantiaca apex leaves) was resuspended in 1.5 ml of 50 mM-tricine-NaOH pH 8, 5 mM-MgC12, 20 mi-2-mercaptoethanol and 25 ~ (v/v) glycerol (Marzluff & Huang, 1984) .
Assay conditions for RNA synthesis. Aliquots (0.25 ml) of the nuclei-rich fraction were incubated for 2 h at 30 °C in a reaction mixture (0.5 ml total volume) containing, unless otherwise stated, the following final concentrations: 25 mM-tricine-NaOH pH 8, 12.5~ (v/v) glycerol, 5 mi-MgCl2, 2.5 mi-MnCl2, 120 mM-KC1, 20 mi-2-mercaptoethanol, 250 units/ml of human placental RNase inhibitor (Amersham), 0.5 mM each of unlabelled ATP, CTP and UTP and 100 ktCi/ml of [ct--~2P]GTP (Amersham; sp.act. 410 Ci]mmol). Determination of RNA polymerase activity and extraction of nucleic acids from the reaction mixtures were performed as indicated previously (Flores & Semancik, 1982) .
Enzymic degradation of nucleic acids. The nucleic acids extracted from the reaction mixtures were treated with ribonuclease-free DNase I to remove the DNA. When indicated, aliquots were incubated for 20 min at 37 °C in either 0.1 x SSC or 2 x SSC (SSC is 0.15 M-NaCI, 0.015 u-sodium citrate pH 7) with 1 ~tg/ml of pancreatic RNase (Young & Zaitlin, 1986) , following which the samples were extracted with phenol, precipitated with ethanol and resuspended in water. The enzymes were supplied by Boehringer.
Analysis of the RNA reaction products by polyacrylamide gel electrophoresis. The RNAs were examined in 5 polyacrylamide gels (130 x 100 x 2 ram) with four different electrophoretic systems. (i) The non-denaturing system of Morris & Wright (1975) , (40 mM-Tris, 20 mi-sodium acetate, 1 mM-EDTA, pH 7.2 with acetic acid). (ii) The TBE-urea system of Colpan et al. (1983) , (89 mM-Tris, 89 mM-boric acid, 2.5 mM-EDTA, pH 8.3 for the electrode buffer and the same plus 8 M-urea for the gel buffer) in which, unless otherwise indicated, the samples were dissolved in the gel buffer, heated at 60 °C for 15 min and applied to the gel which was run at 200 V in a room at ambient temperature until the bromophenol blue reached the bottom of the gel. (iii) The TBE~rea system of S/inger et al. (1979) , (22-5 mi-Tris, 22-5 mi-boric acid, 0.5 mM-EDTA, pH 8.3 for the electrode buffer and the same plus 8 M-urea for the gel buffer). Unless otherwise indicated, in this system the samples were dissolved in the gel buffer, heated at 60 °C for 15 min and applied to the gel which was run at 17 mA in a room at ambient temperature until the xylene cyanole FF reached the bottom of the gel. (iv) The DMSO and glyoxal denaturing system of McMaster & Carmichael (1977) (10 mi-sodium phosphate pH 7). The gels were stained with either ethidium bromide in the first three systems, or with silver (Igloi, 1983) in the last one, then dried and exposed to X-ray film (Kodak X-Omat) at -60 °C for various times using Kodak intensifying screens.
Fractionation of the RNA reaction products by cellulose chromatography. Preparations of nucleic acids were made to 0.1 M-NaC1, 1 mM-EDTA and 0.05 M-Tris-HCI pH 7.2 (STE) and 35 ~ ethanol and applied to cellulose columns (CF-11, Whatman) (Franklin, 1966) equilibrated with STE containing 35~ ethanol. An amount of 0-2 g dry weight of CF-11 (approximately 0.75 ml wet volume) was used to fractionate the nucleic acids of one standard reaction mixture. The columns were washed sequentially with 1.5 ml of STE containing 35~, 15~ and 0~ ethanol, and the nucleic acids eluted with each wash were precipitated by ethanol at -20~ in the presence of 20 p.g/ml of glycogen (Boehringer) to ensure a quantitative recovery.
Solubilization of the polymerase-template complex. Aliquots (0.25 ml) of the nuclei-rich preparations were incubated at 30 °C for 10 rain with 2 mg/ml of heparin (Sigma) (Ananiev & Karagyozov, 1984) and then at the same temperature for 5 min with 7 ~tg/ml of DNase. After centrifugation at 6000g for 10 min at 4 °C, the supernatant and the pellet (the latter resuspended in a buffer with the same composition as that of the supernatant) were assayed for RNA synthesis.
Preparation of ss-DNA complementary to CEV (CEV eDNA) and dot blot hybridization. Synthesis of unlabelled CEV eDNA was performed following essentially the conditions of Tabler et al. (1985) using the synthetic primer 5'd(GTTTCCCCGGGGATCC) which is complementary to part of the central conserved domain of CEV and other viroids of the PSTV group (Keese & Symons, 1987) . Analysis by electrophoresis under denaturing conditions and silver staining demonstrated that a major part of the CEV cDNA was of full length. Samples of CEV cDNA, and of CEV and avocado sunblotcb viroid (ASBV) RNAs, were denatured with formaldehyde and applied to nitrocellulose membranes that were pre-hybridized, hybridized and washed following, with some modifications, a previously published protocol (Flores, 1986) . Pre-hybridization was carried out at 42 °C in the presence of 50~ formamide and salmon testes DNA denatured and sonicated, and hybridization at 42 °C or 75 °C substituting this DNA by the in vitro synthesized RNAs which were denatured by heating them at 100 °C for 2 min in the hybridization solution and then quenched in ice (Spiesmacher et al., 1985) . The membranes were exposed to X-ray film at -60 °C for different times using intensifying screens.
RESULTS
Synthesis of RNA by a fraction rich in nuclei of G. aurantiaca infected with CEV. Effect of the ionic strength
Ammonium sulphate, the salt providing the ionic strength of the reaction mixture in the techniques used previously (Flores & Semancik, 1982; Semancik & Harper, 1984) , was replaced by the neutral salt KC1 (Marzluff & Huang, 1984) . Total RNA polymerase activity (measured as incorporation of [32p]GM P into an acid-insoluble product that was RNase-sensitive) exhibited a maximum at a KC1 concentration of 120 m~ (results not shown), a value in agreement with those found for RNA polymerases in nuclei preparations (Marzluff & Huang, 1984) . The synthesis of specific RNAs at different KC1 concentrations was determined under two sets of electrophoretic conditions (Fig. 1) . With the 22.5 mM-TBE-urea system (Fig. 1 a) , in addition to one radioactive band migrating in the position of the linear forms of CEV (CEV~), several others were visible in the region between the position of the circular forms of CEV (CEV0) and the gel origin (evidence that these bands were viroid-specific is presented in Fig. 2 and in other sections of the present work). Similar results were obtained with the 89 mM-TBE-urea system, but in this case the resolution of the slowly moving bands above the CEV0 position was improved ( Fig. 1 b) . With both the TBE-urea systems the intensity of the radioactive bands with different KCI concentrations, followed the same trend as the RNA polymerase activity. Adding unlabelled GTP to the reaction mixtures at final concentrations of 5 and 50 ~tM did not modify and decreased respectively both the total RNA polymerase activity and the intensity of the radioactive bands (data not shown). However, it should be pointed out that no radioactive band was detected migrating exactly in the position of CEVc (Fig. 1 ), as contrasted with the results of a previous report (Flores & Semancik, 1982) where no other bands above the CEV~ position could be observed. The discrepancies between the systems probably reflect the modifications introduced in the preparation of the nuclei-rich fraction and in the assay conditions for RNA synthesis.
The radiolabelling resulting from in vitro incubation was produced by RNA synthesis rather than end-labelling, since it was also observed when the radioactive precursors ATP, CTP, or UTP were used instead of GTP (data not shown). Moreover, the intensity of the radioactive bands was increased notably when the reaction mixtures were supplemented with the unlabelled nucleoside triphosphates, indicating their involvement in an elongating reaction. Finally, the synthesis of the radioactive bands was sensitive to the low levels of ~-amanitin (see next section) which inhibit RNA polymerase II activity. Aliquots of the RNA species synthesized in the reaction mixtures were analysed with two systems: (a) 22-5 mM-TBE-urea, and (b) 89 mM-TBE-urea. With both systems an initial short pre-electrophoresis of 10 to 15 min helped to avoid trapping of radioactive material at the gel origin. After staining, the positions of the gel origin (O) and those of the CEV¢ (c), CEVI (1), 7S, 5S and 4S RNA species were marked with radioactive ink, and the gels dried and exposed to X-ray film. Conspicuous radioactive RNA bands mentioned in the text are indicated by arrowheads. The exposure time was 1 day.
Comparative analysis of the RNAs synthesized by preparations rich & nuclei from non-inoculated and CEV-infected plants. Effect of ~-amanitin
Fig. 2(a) shows that several distinct R N A bands could be seen in the CEV-infected preparation using the non-denaturing gel system. These bands were viroid-specific since they could not be detected in the reaction mixture made with a nuclei-rich preparation from noninoculated tissue (and dot blot analysis demonstrated that they contained CEV-specific sequences, see below). Moreover, the synthesis of these R N A s was very much reduced in the presence of 1 ~tg/ml of c~-amanitin (Fig. 2a) , a result in agreement with previous reports about the effect of this inhibitor on viroid synthesis in vitro (Flores & Semancik, 1982; Semancik & Harper, 1984; Spiesmacher et al., 1985) and in vivo (Mfihlbach & S~inger, 1979) (in this case an intracellular concentration of 10 nM inhibited viroid synthesis). Similar results were obtained with the 89 mM-TBE-urea system (Fig. 2b) . Addition of 1 ~tg/ml of ~-amanitin to the reaction mixture caused a 10 to 20 ~ reduction of the total R N A polymerase activity (results not shown), indicating a selective rather than a general inhibitory effect.
The analysis of both autoradiographs ( Fig. 2a and b ) revealed a doublet with a mobility slightly slower than that of CEV in the non-denaturing system and in the 89 mM-TBE-urea system a band also with a mobility slightly slower than that of CEVo. Therefore, the possibility emerged that the in vitro system could be synthesizing R N A complexes corresponding to replicative intermediates and not to terminated circular viroid molecules. In order to test this hypothesis the reaction products were analysed under two sets of fully denaturing conditions. Fig. 2 (c) shows the pattern obtained with the 22.5 mM-TBE-urea system with the modification that before loading the samples, they were dissolved in the gel buffer (containing 8 M-urea), heated at 100 °C for 1.5 min and immediately chilled in an ice-water bath. A population of viroid-specific bands (that could be differentiated from those of host origin by comparison with the non-inoculated control, and the CEV-infected reaction mixture containing c~-amanitin) was observed, one of them with the mobility of CEV~ as well as others with mobilities corresponding to larger and smaller sizes. No clear band could be detected migrating in the position of CEVc. Similar results were obtained when the samples were dissolved in 95 ~o formamide containing 3 mM-EDTA pH 7.0, and subjected to the same temperature treatment before loading the gel (data not shown). Fig. 2(d) presents the pattern obtained with the glyoxal system. The band definition was not so good as with the previous denaturing system, but nevertheless three viroidspecific bands could be seen, one with the size of CEV1 and two additional ones with larger and smaller sizes. Again no band appeared in the position of CEVc. Taken together these results strongly suggested that the main products of the in vitro system were R N A complexes composed of more than one R N A strand held together by hydrogen bonds. CEV1 was probably synthesized as part of one of these complexes since no radioactive band was observed in the viroid position with the non-denaturing gel system, and synthesis of CEVo, if any, should be very low.
Characterization of the RNAs synthesized by preparations rich in nuclei from CEV-infected tissue
As a first approach to the study of the nature of the viroid-specific R N A s synthesized in vitro, they were fractionated by chromatography on non-ionic cellulose (Fig. 3 a) . Essentially all the labelled R N A s were bound to the column with STE-35 ~ ethanol, and therefore not released by washing with this solution (Fig. 3 a, lanes 2 and 3) . Most of the heterogeneous R N A s below the position of CEVc, along with much of the R N A band with a mobility slightly slower than the CEVc, appeared in the S T E -1 5~ ethanol wash (Fig. 3a, lane 4) . The slowest migrating R N A bands were eluted with S T E -0~ ethanol (Fig. 3a, lane 5) . The chromatographic behaviour of the non-labelled R N A s followed a quite different pattern, with the 4S R N A s not bound or eluted with STE-35 ~ ethanol, and most of the other R N A s eluting with STE-15 ~ ethanol (data not shown). Therefore, it could be concluded that the in vitro synthesized viroid-specific R N A s had different degrees of secondary structure, with the three closest to the gel origin presenting a high content in this type of structure. In order to get a deeper insight of these viroid-specific RNAs, they were subjected to the action of RNAse under low and high ionic strength conditions. Fig. 3 (b) shows that when the nuclease treatment was carried out in 0.1 x SSC all the radioactive bands between the gel origin and the position of CEV~ disappeared (Fig. 3b, lane 2) , whereas in 2 × SSC the second band with the slowest electrophoretic mobility withstood the RNase action (Fig. 3b, lane 3) . Moreover, when a sample treated with RNase in 2 × SSC was fully denatured in the presence of 8 M-urea before loading the gel, the RNase-resistant band disappeared and two bands were detected, one with the same mobility as CEVI and the other slightly faster than 7S RNA (Fig. 3 b,  lane 4) . These results could all be interpreted by assuming that the second band with the slowest electrophoretic mobility was a dsRNA containing at least in part unit length viroid strands, whereas the other slow moving bands were not perfect dsRNAs.
Solubilization of the polymerase-template complex synthesizing the viroid-specific RNAs
Further characterization of the polymerase-template complex responsible for the synthesis of the CEV-specific RNAs, required its release in active form from the nuclei-rich preparations. Fig. 4 shows that after treatment with heparin most of the activity was released in the supernatant (lane 2) with a minor portion of it associated to the pellet (lane 3). Following the lysis of the nuclei-rich preparations by heparin, it was necessary to perform a digestion with DNase to lower the viscosity of the mixtures in order to allow their fractionation by differential centrifugation. The treatments with heparin and DNase did not modify the qualitative pattern of the viroid-specific RNAs (Fig. 4) , indicating that the solubilization procedure did not affect the synthesis activity of the polymerase-template complex. Moreover, some of the bands appeared even more intense in the supernatant containing the released polymerase-template complex than in the nuclei-rich preparations (Fig. 4, lanes 1 and 2) . Since it has been reported previously (Ananiev & Karagyozov, 1984) that heparin removes proteins from chromatin leading to the preferential stimulation of RNA polymerase II (but not of RNA polymerase I), a similar mechanism could also operate in the complex synthesizing the viroid-specific RNAs, suggesting an association of the template with proteins. R. FLORES , probed with radioactive RNA bands synthesized in vitro by nuclei-rich preparations from CEVinfected G. aurantiaca (a); these preparations were pretreated with 7 pg/ml DNase at 30 °C for 5 min in order to block the DNA-dependent RNA synthesis. The in vitro synthesized RNAs were separated by PAGE with the 89 mM-TBE-urea system, and the bands extracted from the gel by grinding with a mixture (1 : 1) of water-saturated phenol and buffer (100mM-Tris-HC1 pH8.9, l m~I-EDTA, 0.5 % SDS), and recovering the nucleic acids from the aqueous phases by ethanol precipitation. Samples applied to the membranes were 5 ~tl spots containing 0.1 ~tg of viroid RNA. The hybridization temperature, in the presence of 50% formamide, was 42 °C. The membranes were autoradiographed for 3 weeks.
Molecular hybrid&ation analysis of the RNAs synthesized by preparations r&h in nuclei from CEV-infected leaves
In order to demonstrate that the RNA species synthesized in vitro were CEV-specific, they were fractionated by polyacrylamide gel electrophoresis, and the individual bands indicated in Fig. 5 (a) were recovered (the bands in the second and third positions starting from the gel origin were extracted together due to their close mobilities). Fig. 5 (b) shows that when these RNAs were used as radioactive probes in dot blot experiments, all of them gave positive hybridizations in the case of CEV RNA (with spot intensities that paralleled those of the radioactive gel bands) but not in that of the ASBV RNA, a viroid very different in sequence from CEV (Keese & Symons, 1987) . The hybridized RNAs were recovered from the filters and further analysed with the 89 mM-TBE-urea system (after full denaturation in 8 M-urea before loading the gel). After a long exposure, this analysis revealed the presence of two close and very weak radioactive bands (one of them with the mobility of CEVI, data not shown), only in the case of the RNAs eluted from the spot of Fig. 5 (b) with the highest intensity (corresponding to the mixture of the bands in the second and third position of Fig. 5a ). In the other cases, probably the lower intensity of the signals precluded their observation.
With the aim of obtaining an overall estimation of the polarity of the in vitro synthesized RNAs, they were used as radioactive probes in dot blot experiments. Fig. 6(a) shows that positive hybridization was observed on dot blot analysis of CEV cDNA and CEV RNA, but again not in that of the ASBV-RNA. Since at 42 °C (in the presence of 50 % formamide) hybrids can be formed not only between positive and negative viroid strands but also between the partially self-complementary viroid molecules themselves, the hybridization temperature was increased at 75 °C (in the presence of 50% formamide) to allow only the formation of hybrids between fully complementary viroid strands (Mfihlbach et al., 1983; Spiesmacher et al., 1985) . In the case of membrane c a 10-fold excess of unlabelled CEV RNA (over the amount present in the nucleirich preparation used to synthesize the CEV-specific RNAs) was added to the hybridization solution.
The exposure time was 8 days. Fig. 6(b) shows that under these stringent conditions, strong hybridization signals were only observed in the case of the CEV cDNA, indicating that most of the CEV-specific species RNA synthesized in vitro were of positive polarity. As expected, the addition of an excess of unlabelled CEV RNA to the hybridization solution decreased the intensity of the hybridization spots (Fig.  6c) .
DISCUSSION
An RNA polymerase with the ability to synthesize several viroid-specific RNA species, has been detected in nuclei-rich preparations from CEV-infected G. aurantiaca. The nature of these RNAs was investigated by means of various methods of non-denaturing and denaturing polyacrylamide gel electrophoresis. The results obtained with both TBE-urea systems indicated that all the viroid-specific bands were aggregates of more than one RNA strand, since preheating of the sample in the gel buffer at 100 °C for 1.5 min followed by rapid cooling made these bands disappear or decrease in intensity, whereas the pattern of unlabelled RNAs remained unchanged (data not shown). Therefore, the radioactive band detected previously with the 22.5 mM-TBE-urea system (without complete denaturation of the sample before loading the gel) and assumed to be de novo synthesized CEV~ (Flores & Semancik, 1982) , was probably one of these aggregates. Some concern in this respect was raised by Spiesmacher et al. (1985) on the basis that these electrophoretic conditions are now considered partially denaturing and not fully denaturing as they were supposed to be initially (S/inger et al., 1979) . Additional evidence in this direction is provided by the lack of a radioactive band migrating exactly in the position of CEV¢ with all the electrophoretic systems used in the present work. Synthesis of a viroid-specific RNA with the electrophoretic mobility of CEV1 under denaturing conditions, was observed with the in vitro system described here. Nevertheless it is possible that this system is also producing as an aggregate most of the unit-length linear CEV, since the intensity of the corresponding band was higher under partial rather than under fully denaturing conditions.
The behaviour of some of the viroid-specific RNAs synthesized in vitro as dsRNAs in cellulose chromatography, indicates that they could be replicative intermediates of the rolling circle mechanism proposed to operate in viroid synthesis (Branch & Robertson, 1984; Ishikawa et al., 1984; Hutchins et al., 1985) . Nucleic acids with properties of dsRNAs in cellulose chromatography have been isolated previously from viroid-infected plants and characterized in two ways. First, by Northern hybridization analysis of the enriched preparations of unlabelled dsRNAs (after full denaturation before electrophoresis), with which it was possible to deduce the existence of multistranded viroid-specific replicative intermediates containing multimeric strands of negative and positive polarities (Owens & Diener, 1982; Branch & Robertson, 1984) . Moreover, the same studies demonstrated that the replicative intermediates contain partially ss and partially ds regions, and that most ds structures are about unit length. The viroid-specific RNAs synthesized in vitro described here showed very similar properties since they appeared to have ss and ds regions containing unit and longer than unit length strands, mostly of positive polarity. Secondly, a more direct approach has been carried out by analysis in polyacrylamide gels of an enriched ds RNA fraction from PSTV-infected tomato plants grown in the presence of radioactive inorganic phosphate (Robertson & Branch, 1987) . Two radioactive bands were detected with a lower mobility than the viroid circular molecules in a 4~ gel containing 7 M-urea (see Fig. 2 of Robertson & Branch, 1987 ). This pattern is very similar to that of the in vitro synthesized viroid-specific RNAs (Fig. 3 a) , providing further evidence that these RNAs are not artefacts of the in vitro system.
It is interesting to compare the properties of the CEV-G. aurantiaca system with those of the system of isolated nuclei from suspension cultures of PSTV-infected cells of Solanum demissum L. (Spiesmacher et al., 1985) . Although synthesis of viroid-specific RNAs was notably reduced by 1 ~tM-~-amanitin in both cases, addition of DNase to the reaction mixtures had different effects, since it did not alter the synthesis of CEV-specific RNAs (Fig. 4) , in agreement with a previous report (Flores & Semancik, 1982) , whereas it drastically reduced the synthesis of PSTV-specific RNAs (Spiesmacher et al., 1985) . The latter result has been interpreted by assuming that the integrity of the chromatin is essential for the functioning of the RNA polymerase(s) involved in the PSTV-potato system. This requisite is dispensable in the CEV-G. aurantiaca system and has allowed the solubilization of an active polymerase-template complex after heparin and DNase treatments (Fig. 4) , providing the possibility of purifying this complex and characterizing its components. Moreover, in the case of CEV in G. aurantiaca it has been possible to obtain information about the size and structure of the viroid-specific RNA products ( Fig. 2 and 3) , which in both systems appeared to be composed principally of viroid sequences of positive polarity (Fig. 6; Spiesmacher et al., 1985) .
The results on the sensitivity of the synthesis of viroid-specific RNAs to low concentrations of ~-amanitin (Fig. 2) , are consistent with others obtained in vivo (Miihlbach & S/inger, 1979) and in vitro (Rackwitz et al., 1981 ; Flores & Semancik, 1982; Semancik & Harper, 1984; Spiesmacher et al., 1985) , and strongly suggest the involvement of an enzyme with the properties of nuclear RNA polymerase II in viroid biosynthesis. The synthesis of all the CEV-specific RNAs was similarly affected by this inhibitor (Fig. 2) , suggesting that they are all products of the action of a common enzyme, probably RNA polymerase II. The stimulation of the synthesis of some of the viroid-specific RNAs by heparin (Fig. 4) adds circumstantial evidence for the implication of RNA polymerase II, since heparin treatment of plant nuclei increases the activity of this enzyme without altering that of RNA polymerase I (Ananiev & Karagyozov, 1984) . Confirmation by in vitro studies of the type presented here on the involvement of RNA polymerase II in viroid replication requires demonstration that the same low levels of a-amanitin inhibiting viroid synthesis, also block synthesis of bonafide transcripts in an RNA polymerase II system from a viroid host plant. The in vitro system described here appears to be involved mostly in the elongation of the positive strands of the presumed replicative intermediates with a high content of dsRNA structure. These intermediates are probably not good substrates for the processing and ligating enzymic activities, which are presumably needed in the replication of some viroids. Other in vitro systems developed to study the replication of virusoids (Rohozinski et al., 1986) and RNA viruses (Miller & Hall, 1984; Young & Zaitlin, 1986 ) also lead to specific dsRNAs as end products.
Finally it should be pointed out that the data presented here are probably only relevant for the replication of CEV and other viroids of the PSTV family sharing high sequence homology. The situation is probably different for coconut cadang-cadang viroid and ASBV which are very dissimilar to PSTV in structure and biological properties. In this respect there is experimental evidence in support that oligomeric linear ASBV RNAs synthesized in vitro are capable of selfcleavage in vitro in the absence of host enzymes (Hutchins et al., 1986) , a feature that differentiates the replication mechanism of ASBV from that of PSTV. Moreover, results obtained recently indicate that a single rolling circle operates in the replication of PSTV (Branch et al., 1988) , whereas two rolling circles may function in the replication of ASBV (Hutchins et al., 1985) .
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